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Sorption and diffusion properties of polyethylene coatings have been studied as a func- 
tion of their preparation conditions. The temperature conditions of coating formation 
have been shown to affect substantially the structure as well as sorption and diffusion 
characteristics of polyethylene. 
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INTRODUCTION 

Sorption and diffusion properties of coatings prepared on crystallyzing 
polymers are primarily determined by structural features, namely, the 
density, the crystallinity and internal tension level [l - 31. The migra- 
tion of low molecular-weight substances passes through amorphous 
regions. In this case the density is one of the most important char- 
acteristics. Besides, the possibility of partial diffusant penetration 
through the defect regions of crystalline phase exists for such polymers 
as polyethylene. It is also suggested that intermediate regions border- 
ing upon the crystallites make some contributions to the density and 
sorption ability changes of amorphous regions [3]. At the same time 
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the existence of interface boundary layer has been revealed accompa- 
nying the coating formation on different substrates [4,5]. In the case 
of crystallizing polymers the boundary transcrystalline layers (BTL) 
have a pronounced effect on the coating properties. Opinions differ 
widely on the estimating of BTL abilities as a diffusion barrier. Accord- 
ing to [6] films of transcrystalline structure have mass transfer con- 
stants less than samples without BTL. On the contrary other authors 
[7] reasoned that BTL lead to mass transfer constant increasing. 
Moreover, BTL extent in coatings formed from crystallizing polymers 
is estimated differently by different authors [4,8]. 

That is why we have investigated the effect of technological condi- 
tions of coating formation on diffusion properties. 

The coatings were prepared on low density polyethylene (LDPE). 
In the case of crystallizing polymers the boundary transcrystalline 

layers (BTL) have a pronounced effect on the coating properties. 
That is why we have investigated the effect of technological condi- 

tions of the coating formation on the surface of various substrates on 
the change of their diffusion properties. 

EXPERIMENTAL 

The low density polyethylene (LDPE) was used (Tab. I). Polymer 
coatings were formed on the surface of metallic plates made of carbon 
steel. The thickness of the coatings was preassigned with the help of 
patternframe and varied from 350 to 400 pm. The cathodic peeling tech- 
nique and the anodic electrochemical metal dissolution were used for 
the defectless separation of substrate and coating [5,9]. The coating 
density was determined by the hydrostatic weighing method at 293 K 

TABLE I LDPE characteristics 

Density, kg/m3 
Crystallinity, % 
Melting temperature, "C 
Molecular weight (viscosimetry) 
Content of X = C <  double bonds (per 1000 carbon atoms) 
Flow-melt index, g/10min 
Tensile fracture stress, MPa 
Percentage elongation after fracture, YO 
Tensile vield Doint. MPa 

920 
42 

108 
20000 

0,3 
7,o 
11 

450 
11 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
3
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



POLYETHYLENE COATJNGS 419 

using ethanol-water mixture. Structure characteristics were deter- 
mined by means of differential scanning calorimetry and radiography 
using a DRON-1 diffractometer [lo]. The BTL thickness and the in- 
duction period of BTL formation were estimated on the face coating 
sections 30 pm thick with the help of polarizing microscope. 

The integral diffusion coefficient D of hexane was calculated using 
the initial portion of the coating swelling curve for the liquid phase 
with the help of Boltman solution of the Fick equation [l I]. D of H 2 0  
vapour was determined by the “glasses” method using the non-steady 
state portion of the kinetic curve [12]. D of C02 was estimated by a cer- 
tain technique using a HL-6 chromatograph [ 131. The data obtained 
are close to the currently available data concerning this question [14]. 

THE RESULTS AND DISCUSSION 

It has been established previously [5] that BTL existing in LDPE 
coatings on steel differ structurally from the basic block. Their extent 
changes extremely according to temperatural and temporal conditions 
of coating formation. The ability of such structures production at  each 
specific temperature of the film formation is limited by the induction 
period reducing with increasing T (Fig. 1). The BTL thickness ranges 
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FIGURE 1 
(b) vs. temperature of coating preparation. 

Extent of a transcrystalline layer (a) and induction period of its formation 
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up to 120 pm after film formation for 1 hour at 453 K followed by cool- 
ing to room temperature at the rate of 15 K/min. 

BTL cause significant changes in the coating diffusive character- 
istics. Hexane D is markedly smaller for BTL containing coatings than 
in the case of coatings without BTL formed identically (Fig. 2). To pre- 
pare BTL-free coatings the method used in [5]  was applied. In both 
cases the curves for D pass through a minimum at 453 K. 

It has been known that D reduces with a rise of PE crystallinity cpc 
[14]. However, in the case being considered, the value of cpc for coat- 
ings containing BTL is closely related to cpc for the samples without 
BTL and comprises 41 and 39%, respectively. At the same time the den- 
sity of samples with BTL (930 kg/m3) differs from those without BTL. 
The amorphous regions density was estimated using the equation: 

d = dccpc + dacp,, 

where dc = 1000 kg/m3 is the density of the crystalline phase, d, is the 
density of amorphous regions, pa = 1 - cpc is the amorphous regions 
content. 

420 440 460 480 500 520 
T, K 

FIGURE 2 The effect of the temperature of coating formation on the hexane diffusion 
coefficient. 1,3 - coating without a transcrystalline layer; 2 - coating with a transcrystal- 
line layer; 1,2 - air cooling at  the rate of 15K/min; 3 - water cooling at the rate of 
130 K/min. 
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The value of d, comprises 889 kg/m3 for BTL containing coatings 
and 861 kg/m3 for coatings without BTL. So the coating formation in 
transcrystallization conditions leads not only to structure ordering in 
boundary layers but to amorphous regions densification as well. It fol- 
lows that D for BTL containing coatings significantly decreases. 

The analysis of coating sorption capacity M" and BTL extent 
points to correlation between them (Fig. 3). M" falls with the increase 
in BTL thickness. As it was shown above, the density of amorphous 
regions of BTL containing coatings is higher than was the case free of 
BTL. The BTL thickness is linear with M", it follows that the amor- 
phous regions density and BTL thickness change in a similar way 
since pC varies only slightly. The value of M" for hexane in the case 
of BTL coatings is less than those reported in the currently available 
data for 39-45% crystallinity [14]. It supports the assumption that 
BTL formation is followed by the sealing of polymer amorphous 
regions. So M" when extrapolated to zeroth value of BTL thickness 
was 0.045 g hexane/g PE at crystallinity more than 60% and integral 
density is of the order of 940kg/m3. At the same time, cpc cor- 
responding to a maximum of BTL extent is of 41% at the density 
of 930 kg/m3. It should be noted that adequate changes in structural 
characteristics such as elementary cell parameters and of hexane is 
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observed for slowly cooled BTL-free coatings. In this case M" cor- 
relates with the density in agreement with the currently available data 
[14] (Fig. 3, Tab. 11). The diffusion coefficient D increases with the fall 
of density and with the changes in crystalline cell parameters. 

Fast (130K/min) cooling of the coating in water at 293 K changes 
structural and diffusive characteristics (Fig. 2, Tab. 11). In such condi- 
tions polymer crystallization occurs at the same degree of cooling, 
as in the case above, but at a higher rate. In this case BTL do not gen- 
erate, and the minimum of D is observed at higher temperatures 
(473-493K) and the absolute values of D are comparable to the 
similar data for BTL containing samples (Fig. 2). It should be noticed 
that the crystallinity of the above mentioned samples does not corre- 
late with the integral density (Tab. 11). 

This suggests that the temperature of film formation at given con- 
ditions of sample cooling affects the crystallinity and the amorphous 
regions density ambiguously. The calculation of the latter parameters 
with the help of Eq. (1) shows their difference depending upon T 
(Tab. 11). So the character of D changes for the fast cooled samples 
appears to be determined by the summary contribution of cpc and d, 
depending upon T ambiguously. Thus, D is not associated only with a 
single structural parameter. The sorption density of fast cooled coat- 
ings is essentially independent of T (Fig. 3, b). Our study revealed that 
the value of M m  approaches the literary data [14] for corresponding 

TABLE I1 Structural characteristics of polyethylene coatings 

Elementary cell 
parameters, nm 

T, K a b 4 k g h 3  4, k g h 3  'PC, % 

Cooling rate of BTL-free coatings: 15 K/rnin 
433 0.74 0.481 922.8 - ~ 

453 0.74 0.482 925.0 861 .O 39.0 
473 0.75 0.513 924.9 ~ - 

49 3 0.75 0.514 924.3 - 

513 0.76 0.506 923.7 - - 

- 

Cooling rate of BTL-free coatings: 130 K/rnin 
- 433 - 917.6 881.6 30.4 

453 - - 917.5 870.8 36.1 
473 - - 918.7 877.3 33.7 
493 - - 921.3 880.5 34.1 
513 - - 920.7 871.2 31.1 
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crystallinity and differs slightly from similar values for slowly cooled 
BTL-free coatings (Fig. 3, a). The fall of D in the fast cooled coatings 
as compared to slowly cooled samples without BTL may cause amor- 
phous regions sealing. So in the minimum of D ( T  = 473 - 493 K )  the 
density of amorphous regions is 877 - 89 1 kg/m3 being above similar 
value of 861 kg/m3 for slowly cooled samples without BTL. In this 
case the coating formation at different temperatures and their harden- 
ing essentially change D but have no effect on &Im. 

The integral diffusion coefficient of COz for BTL containing coat- 
ings changes with T similarly to D of hexane. However, it should be 
noted that their values are different (Fig. 4). It is likely that BTL in- 
crease the diffusion of COz to a less degree than that of hexane. The 
magnitude of D for water vapour passes through the minimum at 
453 K for the coatings formed at various T and cooled at a rate of 15 
and 130 K/min (Fig. 5). The values of D for hardened samples are less 
than those for slowly cooled ones but this difference is smaller than 
in the case of hexane. In doing so, some growth of D as the integral 
density and the density of amorphous regions increase is observed 
for hardened coatings (Fig. 2, Tab. 11). It is obvious that D changes 

-6,2 
420 440 460 480 500 520 

T, K 
FIGURE 4 
cooled coatings with a transcrystalline layer. 

Integral COz diffusion coefficient YS. formation temperature for slowly 
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revealed for water vapour are due not only to the structural peculi- 
arities but also to the thermodynamic of interaction in the polymer- 
sorbate system [3]. The degree of oxydation increases with T [15]. 

Thus, the relationships obtained for systems under study confirm 
the previously advanced thesis that temperature and temporal condi- 
tions of film formation and polyethylene coating crystallization essen- 
tially affect the structure and the protective characteristics of coating. 
Coating formation under the conditions bringing about the generation 
of extensive BTL favours the decrease in the diffusion coefficient of 
low molecular-weight compounds in polyethylene coatings. The fall 
in diffusion coefficient is more pronounced for hexane and water va- 
pour and less for COz. This is accompanied by a drop in sorptive ca- 
pacity of the coating. At the same time, the diversity and ambiguity of 
structural changes in coatings in response to technological factors 
give no way of relating the diffusion properties to any single structural 
parameter, e.g., crystallinity. From a practical point of view, tech- 
nological parameters are convenient to use. The experimental evidence 
points to the face that the film formation temperature of 453K is 
optimal for LDPE coating production. 
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